Establishing a strong scientific community is important as countries develop and requires both producing and retaining of important scientists. We show that developing countries produce a sizeable number of important scientists, but that they experience a tremendous brain drain. Education levels, population, and per capita GDP are positively related to the number of important scientists born in and staying in a country. Our analysis indicates that democracy and urbanization are associated with the production of more important scientists although democracy is associated with more out-migration.
Introduction
Recognizing the importance of science as an economic driver, developing and developed countries alike are increasingly focusing on strengthening science.
1 With few scientists from developed countries migrating to developing countries (.2% in our data), a developing country must both (1) produce and (2) retain important scientists to achieve scientific success. This paper studies both aspects of scientific performance in the developing world -production and retention -using data on the Institute for Scientific Information's highly cited researchers. We identify when and where these researchers were born and track their institutional affiliations over their careers. Our estimates show that 1 important scientist in 8 is born in the developing world but that there is a tremendous brain drain from the developing world, with 80% of important scientists born in the developing world now in the developed world.
The extreme size of this brain drain makes it a valuable context for studying brain drains. 2 It also makes an analysis of scientific brain drains essential for understanding the scientific performance of, knowledge production in, and knowledge diffusion to developing countries. Scientific brain drains are also interesting because exceptionally rich, longitudinal data are available on scientists' locations, making it possible to estimate brain drains over the life-cycle. By contrast, much of the existing work on brain drains (discussed below) is based on aggregate statistics. After documenting trends in the production and retention of scientists in developing countries, we turn to the factors that are related to them. We begin by studying human capital, population, and income. At least since Romer (1986) , growth economists have emphasized the importance of human capital in the production and development of new ideas. Population determines the pool of potential scientists and may affect the incentives to innovate (Jones, 1995) and small countries experience larger brain drains per capita (Beine et al., 2008; Schiff and Wang, 2008 ). Lastly, the income level may be related to infrastructure and resources devoted to science.
We find that large countries, countries with higher per capita income, and higher education levels all experience smaller brain drains. Large countries produce more important scientists than small countries, but not on a per capita basis. Education is also positively related to the number of important scientists born in a country. While countries with higher per capita income produce more important scientists, once education is controlled, it is not clear that they produce more per dollar of output.
Urban economists have emphasized the importance of urban agglomerations for the production and diffusion of new ideas (see Glaeser and Gottlieb, Forthcoming for a review). Another line of work has emphasized the importance of democratic institutions for growth (Acemoglu et al., 2001) and human capital accumulation (Glaeser et al., 2004) . Countries that are more democratic likely restrict interactions and the exchange of ideas less.
We find that urbanization and democratic institutions are associated with the production of more important scientists. Interestingly we find that democratic institutions are associated with more out-migration and hypothesize that this relationship reflects the ability to leave countries. While disentangling specific causal mechanisms goes beyond the present analysis, these relationships hold after controlling for income, education, and population. We also explore whether our estimates are biased because democracy and urbanization are related to current investments in education and obtain reassuring results.
At least since Sjaastad (1962) economists have viewed migration as an investment in human capital. Migration has an important investment aspect for this group (indeed it may be hard for someone born in the developing world to become an important scientist without spending time in the developed world). Consequently, we expect to see a life-cycle pattern in out-migration, with more outmigration at younger ages. Our longitudinal data allow us to test this hypothesis and indicate the presence of this life-cycle pattern.
Work on brain drains has focused on how variations in the returns to skill (i) generate positive selection among migrants and (ii) induce skilled migrants to move to the countries where their skills are most highly rewarded (Borjas, 1987; Gould and Moav, 2008; Grogger and Hanson, 2011) . Consistent with the first point, and as indicated, we find exceptionally high migration rates for our extremely skilled sample. The second implies that researchers should move to countries with strong research support. Indeed, among the scientists who have left developing countries, roughly 76% are in the United States, considerably more than among broader samples of even highlyskilled immigrants (e.g. Detragaiche, 1998, 1999; Belot and Hatton, 2008; Docquier and Marfouk, 2005) which is consistent with strong research support in the United States (National Science Board, 2008, p 4-41) .
Our results also relate to a small body of work on international migration among scientists. Hunter, Oswald, Charlton (2009) find a brain drain among important British scientists. Ben-David (2008) studies the brain drain of Israeli scientists, arguing that outmigration is largest in the fields where compensation is lowest in Israel relative to other countries. Weinberg (2008 Weinberg ( , 2009 finds that Britain and the United States have both experienced inflows of important scientists.
An assessment of the costs and benefits of this scientific brain drain is beyond the scope of this piece but is informed by the existing literature. Early work emphasized the costs of brain drains for developing countries (e.g. Bhagwati and Partington, 1976; Bhagwati, 1977 , which propose a brain drain tax). More recent work argues that the potential for out-migration can increase education, generating a brain gain.
3 Others have argued for brain gains from return migration (Domingues Dos Santos and Postel-Vinay, 2003) and knowledge diffusion (e.g. Docquier and Rapoport's, 2009) . See Commander, Kangasniemi, and Winters (2004) and Docquier and Rapoport (2009) for surveys and Schiff (2005) for an opposing view. Given the high out-migrations we find, for the first mechanism to generate a brain gain, the possibility of out-migration would have to induce large investments in skill. Our finding of return migration among researchers from developing countries provides some evidence for the second mechanism.
Data

Data on highly cited researchers
Our data cover highly-cited researchers in 21 fields from the Institute for Scientific Information's (ISI's) Highly Cited. ISI estimates that its highly cited researchers are within the top .5% of publishing researchers in their fields during three 20-year periods from 1981-2003. 4 Because of the data identification procedures, these data are best thought of as a sample of important scientists active in the late 20th and very early 21st centuries. The full data set comprises 6625 individuals. Table 1 documents the data coverage. Of the 6625 researchers, 2360 (35.6%) self-reported information on when and where they were born and, of these, 282 (11.9%) were born in developing countries.
We require institutional affiliations to study brain drains. There are two sources of data on affiliations. ISI has data on the current (2008) affiliations of all living highly cited researchers. Two hundred and four researchers are deceased, leaving 6421 researchers who are living. Of these researchers, 2290 (97.0%) also have data on where they were born and, of these, 273 (11.9%) were born in the developing world. Here and below, we refer to these data as "current affiliations."
Many of the researchers who reported when and where they were born also reported their current and past institutional affiliations.
5
These self-reported data are rich in two ways. First, they are longitudinal, spanning an average of 34 years per researcher. 6 Second, researchers were able to report multiple affiliations in each year, allowing us to pro-rate time across countries. We refer to these data as the "longitudinal affiliations." It is worth noting that the data on current affiliations cover roughly twice as many people as the details are available at http://hcr3.isiknowledge.com/isi_copy/howweidentify.htm. 5 Very few researchers reported their institutional affiliation histories but not when and where they were born, presumably because the institutional affiliation histories are more time consuming to report. Among the researchers who do report institutional affiliation histories but not when and where they were born, web searches yielded little information on when and where they were born (i.e. researchers who declined to report that information to ISI do not list that information on their websites), so these researchers are excluded from the analysis. 6 Of the 2360 researchers who report their location of birth, 1307 (55.4%) provide institutional affiliation histories. Of these researchers, 159 (12.2%) were born in the developing world. We have 5423 annual observations on these researchers born in the developing world. We divide the world into four groups. The first region is the "developed world". The second region is the former Communist countries. The third region is East Asia, including the People's Republic of China. The fourth region is the "rest of the developing world." We begin with a descriptive analysis of where important scientists are born and live and the scientific brain drain. We study trends over time and differences across fields.
3.1. Where highly cited researchers are born and live Table 2 shows the share of highly cited researchers born in individual countries or regions in the developing world. A sizeable minority of highly cited researchers (11.9%) were born in the developing world. Forty-seven developing countries were the birthplace for at least 1 highly cited researcher (with data available), with at least 1% being born in each of India, the People's Republic of China, and Israel. Table 3 shows the share of highly cited researchers living in individual developing countries in the current affiliation sample. These results differ markedly from those for where highly cited researchers were born. Whereas 1 highly cited researcher in 8 was born in the developing world, less than one highly cited researcher in 40 (2.37%) lives in the developing world (even given the expansive definition). More highly cited researchers live in Israel than any other country classified as developing (.77%), with the People's Republic of China being home to the second largest share (.3%). Only 21 developing countries are home to highly cited researchers compared to the 47 developing countries where highly cited researchers were born. The contrast between where highly cited researchers are born and where they live indicates that there is a large brain drain of important scientists from the developing world. Table 4 provides a descriptive analysis of outmigration for the highly-cited researchers born in the developing world based on the current affiliation sample. It shows that 17% (46 researchers) were in their country of birth and 2% (6 researchers) were elsewhere in the developing world. The remaining 221 researchers (81%) were somewhere in the developed world. The third column focuses on highly cited researchers born in the developing world who are in the developed world, showing the share in each country. Over threequarters are in the United States (172 researchers); 6.6% are in the United Kingdom (15 researchers); and 3.7% are in Canada (10 researchers).
7 Of the 2290 researchers who self-reported data on birth locations (whether or not they reported data on current locations), the share in developing countries is .0271 (SE = .0020). Of the 4335 for whom ISI has location data who did not self-report birth information (whether or not they reported current information), the share in developing countries is .0022 (SE = .0022). The difference is .0052 with a standard error of .0041. Thus, people who self-report birth information are slightly more likely to be in developing countries, with the difference being statistically insignificant. Comparing people who self reported both birth information and current locations to those who reported neither, the people who self-reported both are .0088 more likely to be in a developing country with a standard error of .0053. 8 Of the democracy variable, Marshall and Jaggers (2009) write, "Democracy is conceived as three essential, interdependent elements. One is the presence of institutions and procedures through which citizens can express effective preferences about alternative policies and leaders. Second is the existence of institutionalized constraints on the exercise of power by the executive. Third is the guarantee of civil liberties to all citizens in their daily lives and in acts of political participation.... The Democracy indicator is an additive eleven-point scale (0-10) (p. 13)." It is based on four underlying variables: (1) the competitiveness of executive recruitment; (2) openness of executive recruitment; (3) constraints on the chief executive; (4) competitiveness of political participation. 9 Of the executive constraints variable, Marshall and Jaggers (2009) write, "Operationally, this variable refers to the extent of institutionalized constraints on the decision making powers of chief executives, whether individuals or collectivities. Such limitations may be imposed by any 'accountability groups'... The concern is therefore with the checks and balances between the various parts of the decisionmaking process. A seven-category scale is used. (pp. 23-24) ." The variable is coded:
(1) Unlimited Authority (there are no regular limitations on the executive's actions); (3) Slight to Moderate Limitation on Executive Authority (there are some real but limited restraints on the executive); (5) Substantial Limitations on Executive Authority (the executive has more effective authority than any accountability group but is subject to substantial constraints by them); (7) Executive Parity or Subordination (accountability groups have effective authority equal to or greater than the executive in most areas of activity). Values (2), (4), and (6) are intermediate categories. 10 We identify the United States, Western Europe and its other "offshoots" (Australia, Canada, and New Zealand), and Japan as developed. The Former Communist countries include Russia, the other countries in the former Soviet Union, and the former Communist countries in Eastern Europe. The rest of the developing world comprises Africa, the Americas (other than the United States and Canada), Asia (excluding the former Soviet Union and Japan); and the Pacific Islands. 
Income
Many of the countries studied here have developed to the point where they have high incomes, so it is worth considering whether these countries should be viewed as developing. Here and below, we will measure conditions in a researcher's country of birth at age 20. We focus on per capita GDP at age 20 to capture the time that (most) researchers begin professional training in their areas of research. We first determined how many highly cited researchers born in each country turned 20 in each year. Then, for each country, we estimate the mean log difference in per capital income between that country and the United States weighted by the share of highly cited researchers born in that country turning 20 in each year.
11 Fig. 1 shows that the share of highly-cited researchers born in a country is very strongly related to per capita GDP, although we do not claim that this relationship is causal or that what matters is income per se, as opposed to say education, infrastructure, or investments in science, which are themselves related income. With the exceptions of India and China, the share of highly-cited researchers born in a country is essentially zero until a country reaches 20% of the income of the United States (roughly −1.5 log points).
Because the mean highly cited researcher was born in 1945, even countries that are relatively developed today had very low incomes at the time that the highly cited researchers were beginning their professional training. Thus, per capita GDP was 30% (1.203 log points beneath) that of the United States for highly cited researchers born in the former Communist countries, 20% (1.590 log points beneath) for researchers born in the rest of the developing world; and 10% (2.266 log points beneath) for those born in developing East Asia.
Changes within the developing world
Fig. 2 studies trends within the developing world. Among scientists born in the developing world, it shows the share born in each of 3 regions, the former Communist countries; East Asia; and the rest of the developing world. The graphs show two series. The points give the share of highly cited researchers born in each region among the highly cited researchers born in the developing world in each year. The graphs also show estimates from local linear regressions along with 95% confidence intervals.
In interpreting the graphs it is important to bear in mind, that the researchers are identified based on work done between 1981 and 2003, so that researchers born earlier in the period are doing important work at a relatively old age, while researchers born later have done important work at a relatively early age. While there is a literature on the age at which people make important scientific contributions, it has focused on individual-level factors, such as the nature of work (inductive versus deductive), and field-level factors, such as knowledge accumulation and obsolescence (see Weinberg and Galenson, 2008; Jones, 2004; Jones and Weinberg, 2009 respectively) , not country-level determinants. We are not aware of reasons why our sample would be biased toward or against researchers born in the various parts of the developing world in different years.
The estimates are striking. In the early years of the period, close to 60% of the highly cited researchers born in the developing world were born in the former communist countries, but that share falls to less than 20% by the 1950s. By contrast, both East Asia and the rest of the developing world grow. The share of the highly cited researchers born in the developing world who were born in East Asia increases from under 10% to over 25%. The share of the highly cited researchers born in the developing world who were born in the rest of the developing world increases from under 40% to close to 60% by the late 1950s, turning down in the most recent years. Thus, within the developing world, there has been a clear shift in where important scientists are born away from the former Communist countries and toward other areas, especially East Asia. Table 5 looks at individual fields, showing the share of highly-cited researchers in the developing world by field in the current affiliation sample. The three fields with the greatest share of researchers in developing countries are computer science (8.3%); mathematics (5%); and agricultural science (4.7%). These rankings are sensible. Computer science and mathematics, both require relatively little equipment and are abstract, making them easier to do at a distance; and agricultural science is country-specific and important for developing countries (plant and animal science is also strong in the 11 Formally, let n C20 t denote the number of highly cited researchers born in country C turning 20 in year t; let N C = ∑t n C20 t denote the total number of highly cited researchers born in country C in the sample; and let ln GDP developing world). Despite these variations, it is clear that there are few fields with many important researchers working in the developing world.
Specific fields
Factors related to scientific performance in the developing countries
Having documented the state of science in the developing world, we now study the factors that are related to where important scientists are born and the probability they leave their birth country.
Income, population, and education
As indicated, growth economists have emphasized the importance of human capital, income, and population for the adoption and production of new technologies. To study how these (and other) factors are related to where highly cited researchers are born, we estimate Poisson regressions of the number of highly-cited researchers born in a developing country turning 20 in a given year on the log of GDP per capita, the log of population, education variables, and time trends. The unit of analysis is a country-year. We employ Poisson regressions because the estimates are efficient within the linear exponential family (Woldridge, 2002) and account for departures from a Poisson distribution by using standard errors that are boostrapped within countries.
Formally, our base specification is,
Here, n C20 t denotes the number of highly cited researchers born in country C turning 20 in year t; and X . As above, we measure conditions at the time that researchers turned 20 to measure conditions at the time that most researchers would be beginning their professional training.
Given the size of the sample (both the number of countries with data and the number of researchers) and a lack of plausible instruments, we focus on random effects models (above θ C denotes country random effects). These estimates exploit the cross-country variation in these variables as well as changes over time. 12 We are hesitant to interpret these estimates causally -unobserved heterogeneity will, if anything, lead our estimates to overstate causal effects. For instance, countries with higher income or better educated populations or more democratic institutions may well have other features that increase the production and reduce out migration of important scientists (e.g. be more stable). With this caution in mind, we provide some checks below that provide at least some reassurance that the upward bias may not be too great.
The first 2 columns of Table 6 show that the number of highly cited researchers born in a country is strongly related to both income and population. The coefficients on logged variables in a Poisson model can be interpreted as elasticities. Thus, a coefficient of 1 on population would indicate that population is unrelated to the number of important scientists born per capita. As indicated, there are reasons why large countries might produce more important scientists per capita. The coefficient on population is consistently beneath 1, but the difference is never statistically significant, indicating that on a per capita basis, large countries are comparable to small countries. Income is also strongly related to the number of highly cited researchers born in a country. Here the coefficient or elasticity is above 1, indicating the importance of income for important science.
Columns (3) through (6) include education (drawn from Barro and Lee, 2000) . We measure education using the share of people who completed college and mean years of schooling. Both variables have the expected sign, but mean years of schooling is more statistically significant. Although highly-educated people are surely essential for important scientific research, the fact that highly-cited researchers are more strongly related to mean education than to the college graduation rate may indicate the importance of general investments in education, perhaps because they reflect the quality of schooling or perhaps because having a widely-educated population allows for the best students to be identified for further study. The relationships between population and income (for the country of birth at the time the researcher turned 20) on the one hand and the number of important scientists born on the other are both robust to controlling for education. The coefficient on income falls toward 1 in the sample of developing countries when mean years of schooling are included, indicating that holding human capital constant, the production of important scientists per dollar of income may be independent of per capita income. Table 7 presents a number of facts about the extent to which people have left their countries of birth. These estimates are based on the longitudinal affiliation data. Letting the unit of observation be a person-year, with people included in all years for which data is available between ages 25 and 70, we estimate
Brain drains
Here, Outmig Ci t , denotes the share of appointments held in year t by researcher i born in country C that are outside of his or her country of 12 We have also explored fixed effects Poisson models, which are identified from changes within countries over time. Including fixed effects increases the standard errors substantially (and, in most cases, reduces the coefficients). The estimates are largely identified off of transitory variations in the independent variables and we expect the relationship between the permanent component of income (and population and education) to be more strongly related to important science than the transitory component. Applying ordinary least squares logic, measurement error in the independent variables, which is a real concern with these data, particularly biases fixed effects estimates toward zero. Lastly, fixed effects Poisson models drop countries with no highly-cited researchers (with no positive cases), reducing the sample and especially the sample of developing countries. denotes the characteristics of country C at the time that researcher i turned 20 (e.g. population, income, and education levels); X C t denotes the characteristics of country C in the current year, t; Z Ci t denotes the characteristics of researcher i from country C in year t (e.g. his or her age); θ C denotes country random effects; and ε Ci t denotes an error. Because the dependent variable varies continuously, we estimate linear models.
It is plausible that for researchers born in the developing world, spending time in the developed world (especially during training) affects the probability that a researcher makes an important scientific contribution (and gets into the sample). Insofar as this effect operates, the factors that we find are related to more outmigration (e.g. being from a very low income country) will reflect the effect of outmigration on the probability of doing important science as well as the effect of the factor (e.g. low income) on the probability of outmigration. Because Note: Dependent variable is number of highly-cited researchers born in a country in a given year. Per capita GDP, population, and education measured at the time that researchers born in a given year would have turned 20 (i.e. a 20 year lead). Standard errors reported in parentheses, are clustered at the country level. Statistical significance at the 10% level indicated by *; at the 5% by **; and at the 1% level by ***.
Table 7
Individual and country characteristics related to brain drains.
(1) (2) (3) (4) (5) (6) (7) (8) Note: Dependent variable is the share of a researcher's affiliations in a given year that are in his or her country of birth. Estimates are based on the longitudinal affiliation sample. Sample restricted to researchers born in a developing country. Standard errors reported in parentheses, are clustered at the country level. Statistical significance at the 10% level indicated by *; at the 5% by **; and at the 1% level by ***. Country characteristics at the time that researchers born in a given year would have turned 20 are 20 year leads.
training in a developed country may be particularly important, we have re-estimated our models focusing on outmigration among people who are at least 35 years old, which yielded similar estimates. Given that most scientists born in the developing world who leave are moving to the developed world, it seems reasonable to view time away from one's birth country as having a human capital investment component, including both training and building a professional reputation. Standard life-cycle models of human capital investment imply that investment should be greatest early in life. Column (1) focuses on individual-level determinants, showing that the share of time spent by an important scientist born in a developing country outside of his or her home country is hump-shaped over the life-cycle, peaking between ages 44 and 45 and then declining slightly. Thus, while highly cited researchers tend to spend a considerable amount of time out of their birth countries, they begin to return relatively early.
The remaining columns include income, population, and (mean years) of schooling in the country of birth. We measure all three variables at the time the person turned 20 (in columns 2-4) and in the current year (in columns 5-7). Columns 8-10 include the variables measured at age 20 and in the current year together. Higher income in the birth country is associated with less out-migration. Higher education in the country of birth is also associated with less outmigration. Although, we are reluctant to treat these relationships as causal, they are intuitive insofar as per capita income and a higher education level are associated with a better research and/or living environments. People are more likely to remain in larger countries, which is consistent with existing work (e.g. Beine et al., 2008; Schiff and Wang, 2008) .
Political institutions and urbanization
As indicated, existing work provides reasons why democracy would be conducive to innovation. There is also a long line of research emphasizing the importance of urbanization for the production and diffusion of ideas. While our focus is on scientists, many of whom are affiliated with universities that are themselves geographically concentrated, urbanization may be related to geographic concentration across universities. Put differently, urbanization is likely to be related to between-university geographic concentration even if it is not related to within-university concentration. Urbanization is also likely to be related to geographic concentration of universities and other organizations engaging in research and development, including government and industrial facilities, which may produce or complement scientific research. Table 8A reports Poisson regressions of the number of highly cited researchers born in a country in each year as a function of the characteristics of the country when people turned 20. All regressions control for income and population as well as year. The first two columns include data on all countries. The second set of columns restricts the sample to developing countries. The first column in each set does not control for education, while the second column in each set does.
Where important scientists are born
The top panel of Table 8A shows that countries that are more democratic or have greater executive constraints generate more highly cited researchers. The bottom panel shows that urbanization is indeed associated with the production of more important scientists, although the coefficient is not statistically significant once education is controlled.
Out-migration
Interestingly, the top panel of Table 8B shows that democracy and executive constraints are both associated with more out migration (these estimates are based on the longitudinal affiliation data). The fact that democratic institutions and executive constraints are associated with the production of more highly cited researchers and also more out migration suggests that the higher out migration rates are unlikely to reflect the preferences of scientists and rather reflect the ease of emigration, with less democratic countries limiting emigration. The bottom panel of Table 8B shows that urbanization is unrelated to outmigration.
Alternative out migration measure
The previous estimates are based on self-reported longitudinal affiliation data. Here we turn to ISI's reported data on current affiliations. While we lose the longitudinal data in the self-reports, these data contain close to twice as many researchers born in developing countries. The estimates are reported in Table 9 . They are broadly consistent with the out migration results in Tables 7 and 8B . Note: Dependent variable is number of highly-cited researchers born in a country in a given year. Country characteristics are measured at the time that researchers born in a given year would have turned 20 (i.e. a 20 year lead). Standard errors reported in parentheses, are clustered at the country level. Estimates also control for the log of per capita GDP, the log of population, the year of birth, and (in column 2) a quadratic in age. Statistical significance at the 10% level indicated by *; at the 5% by **; and at the 1% level by ***. Each estimate is from a separate regression. Note: Dependent variable is the share of a researcher's affiliations in a given year that are in his or her country of birth. Estimates are based on the longitudinal affiliation sample. Sample restricted to researchers born in a developing country. Standard errors reported in parentheses, are clustered at the country level. Estimates also control for the log of per capita GDP, the log of population, the year of birth, and (in column 2) a quadratic in age. Statistical significance at the 10% level indicated by *; at the 5% by **; and at the 1% level by ***. Country characteristics at the time that researchers born in a given year would have turned 20 are 20 year leads. Each estimate is from a separate regression.
Other variables
We have explored a wide range of other economic and social indicators. We find a strong relationship between the production of important scientists and the aspects of trade that are likely to be associated with knowledge flows. Controlling for population, education, and income, countries with more imports and exports of manufactures and royalty payments and receipts produce more important scientists. By contrast, countries that export more raw materials produce fewer important scientists. Countries that have more royalty payments or receipts also experience smaller brain drains.
We find that countries where a greater share of manufacturing value added is in machinery manufacturing and less is in food and tobacco manufacturing produce more important scientists. We also find that fewer important scientists are born in countries with high child mortality. Neither these industrial mix variables nor child mortality are related to out-migration. Other variables, including the diffusion of technologies (measured by the use of telephones, air transportation, and energy use) and indicators of the treatment of women (the gender gaps in employment, mortality, and literacy) are not systematically related to either the number of highly cited researchers born in a country or the out-migration of highly-cited researchers.
Causality
These results show that holding income, population, and education constant, democracy and urbanization are all related to scientific performance. While the estimates control for population, income, and education, we are concerned that they may overstate causal effects because they are related to investments in science or education.
It is possible to check the extent to which democracy and urbanization are related to current investments in education by regressing current school enrollment (as a measure of current investment) on them. The estimates are reported in Table 10 . Here we have combined democracy and executive constraints into an index. The first column, which includes no controls, shows urbanization is related to enrollment in a way that would bias our previous estimates upward, but no significant relationship for democracy and executive constraints. Column (2) includes per capita GDP as a control. The estimates in Tables 8A, 8B , 9, and 10 will only be biased upward if the variables of interest are related to investments in science and education conditional on current schooling. Column (3) also includes mean schooling as a control variable, which is a stringent test, asking if the variables of interest are related to investments in education beyond what one would expect given the current level of schooling. In this specification, the coefficient on urbanization falls and becomes statistically insignificant. While we are cautious in concluding that our estimates are not biased by either reverse causality or a correlation between the independent variables and investments in science or education, these estimates provide at least some reassurance.
Conclusion
Achieving and maintaining a strong scientific community is important as countries develop. To be successful, developing countries must both produce and retain important scientists. We show that developing countries do produce a sizeable number of important scientists, but that they experience a tremendous brain drain. Education levels, population, and per capita GDP are positively related to the number of important scientists born in and staying in a country, although it is not clear that large or rich countries produce more important scientists per capita or per unit of output.
Our analysis relates to policy in a number of ways. First, it points to institutions -democracy and urbanization -that may help developing countries achieve a high level of scientific success, although democracy is associated with more out-migration. Work is being done on whether skilled out-migrations constitute a brain drain or a brain gain and the normative implications of the large scientific brain drain we find warrant additional research. Lastly, much of the discussion about the increasing innovative potential in the developing world focuses on the challenge it poses to the United States and Western Europe. Just as Europe almost surely benefitted from the scientific rise of the United States, we suspect that both the developing and developed worlds will ultimately benefit as science develops in the developing world. Note: Dependent variable is whether ISI reports that a researcher is affiliated with an institution outside his or her country of birth. Estimates are based on the current affiliation sample. Sample restricted to researchers born in a developing country. Standard errors reported in parentheses, are clustered at the country level. Estimates also control for the log of per capita GDP, the log of population, and year. Statistical significance at the 10% level indicated by *; at the 5% by **; and at the 1% level by ***.
Aside from the top panel, which includes all variables together, each estimate is from a separate regression.
